Background: Both primary and secondary tumors can develop in distal phalanx of the hand presenting as lytic lesions. The presence of a lytic lesion in the distal phalanx has been a dilemma making the differential diagnoses, prognosis, and treatment of these lesions challenging. Objectives: This study was designed to evaluate the patients who were presented with a lytic lesion in their distal phalangeal bone of the hand.
Background
Although osteolytic lesions of the distal digital phalanx are rare, they present a wide spectrum of differential diagnoses. Distal phalanx of the hand can be affected by primary or secondary tumors and inflammatory process. Enchondroma is the most common benign tumor of phalangeal bones occurring most commonly in the proximal phalanx, middle phalanx, and the metacarpals, consecutively. Its occurrence in distal phalanx is rare (1) . Metastases of malignant tumors of lung, breast, kidney, and prostate origin can involve the phalangeal bones, specially the distal one (2) . Giant cell reparative granuloma, giant cell tumor, epidermoid inclusion cyst, glomus tumor, brown tumor, and Ewing sarcoma have been reported as a lytic lesion in distal phalanx (3) (4) (5) . We could not find any study in the literature that solely concentrated on the tumors of the distal phalanx.
Objectives
This case series study aimed to describe the final diagnoses of lytic lesions in distal phalangeal bones of the hand in 14 patients as well as the methods of surgery and their outcomes.
Patients and Methods
Our institutional review board approved the study protocol. In this retrospective study, we recruited patients who were referred to our hospital (Shafa Orthopedic Hospital) due to the lytic lesions of the distal phalanx from 2008 through 2013. We reviewed the medical records, results of imaging modalities, and histopathologic examination reports. Data on basic characteristics, chief complaint, the involved finger, clinical presentation, the final diagnosis, and the applied treatment were extracted. The surgeries had been performed under general anesthesia, with application of a tourniquet to the proximal part of the arm. In all cases, the distal phalanx was exposed with medial or lateral approaches. Curettage was done for enchondroma, giant cell tumor, giant cell reparative granuloma, and intraosseous glomus tumor and the defect was filled with bone graft. For Ewing sarcoma sarcoma of distal thumb, surgery and entailed excision of distal phalanx and biopsy tract were performed two weeks after neoadjuvant chemotherapy. In this instance, reconstruction was done with a fresh-frozen allograft counterpart (obtained from our hospital bone bank) that was fused to the first phalanx (Table 1) . 
Results
A total of 14 patients (nine females) with distal phalanx lytic lesion were studied. The mean age of our patients was 36.14 ± 15.83 years (range, 21-75 years). Right and left side fingers were involved in five and nine patients consecutively. The most common involved digits were thumb (four cases), middle finger (four cases), and index finger (three cases), consecutively. The most frequent diagnosis were consecutively enchondroma (five cases), giant cell tumor (two cases), and glomus tumor (two cases).
The presence of a swelling and painless mass were the chief complaints of most patients with enchondroma (two of our cases had pain after minor trauma). Pain and swelling were the chief complaints of patients with other tumors (Table 1) .
The final diagnosis of all the lesions located in the proximal part of the distal phalanx was enchondroma ( Figure  1) ; lesions of all other tumor types were located in the distal part of distal phalanx (Figures 2 -6 ). Radiologic studies of the metastatic carcinoma and giant cell tumors showed more aggressive behavior and involvement of surrounding soft tissue (Figures 3 and 5) . One of our patients (patient No. 6) deceased after 11 months. For the rest of our cases, the mean follow up was 36.69 months (range, 12-58 months) and none of them had recurrence during the follow-up period. 
Discussion
Although enchondroma is the most frequent bone tumor in the small bones of the hand, it rarely develops in the distal phalanx. Noble and Lamb reported that 13% of mono-ostotic and polyostotic enchondromas developed in the distal phalanx (6) . Fernandez-Vazquez et al. found that only 12.8% of hand enchondroma developed in distal phalanx (7). In our series enchondroma was the most common cause of the lytic lesion of the distal phalanx.
Clinically, the majority of the hand tumors are benign and a large number of them develop insidiously without significant pain or tenderness; thus, cosmetic concerns such as swelling may be the patient's only presenting complaint (8) . The others such as glomus tumor, infection, and metastatic and primary malignant tumor may present with pain.
Glomus tumors are painful subcutaneous nodules associated with intense pain. In distal phalanx, the triad of the intense pain, local tenderness, and cold intolerance can be attributed to the glomus tumor (9) . Painful lesions with a presentation mimicking an infection can be actually caused by Ewing sarcoma of the distal phalanx, which is extremely rare (3).
Metastatic tumors in the osseous tissues of the hand are rare and most commonly present with pain, swelling, and nail deformity. Metastases to the bones of the hand may occur in carcinoma of the lung (40%), breast (16%), kidney (6%), and prostate (3%), most of which occur in the distal phalanges (2, 10) . Chondrosarcoma is the most common non-metastatic malignant bony tumor of the hand and is usually seen as secondary chondrosarcoma in previous Ollier's disease. It presents as painful lytic lesion with popcorn calcification in small tubular bones of hand (11) .
Recently, Afshar et al. reported a review of published studies on demographic trends, survival rates, and the most common metastatic locations of hand and wrist metastases over the past 27 years. They reported 221 cases; the distal phalanx was the most frequently involved bone, and the thumb was the most frequently involved digit (12) .
Swelling and a painless mass without nail deformity were the chief complaints of our patients with the diagnosis of enchondroma. Two of our patients with this tumor had pain after minor trauma. All of our patients with the non-enchondroma diagnoses presented with a painful swelling of the distal phalanx. Radiologically, periosteal reaction was not seen in any of our cases reported here and considering the location of the lesions, we categorized them in two groups:
Group one included the proximally located lytic lesions and the second group included distally located lytic lesions. All of the enchondromas were in group one, ie, the proximally located lesions, two of which had minor cortical expansion. All of the remaining lesions were in the second group. Shimizu K. et al. reported five cases of enchondroma of distal phalanx. Three of their patients, who had developed fractures, were treated with curettage and bone grafting through a volar longitudinal approach. The authors reported that the palmar incision in the pulp of the finger had no complications (13) . Although traditionally the universal approach in the hand surgery is Brunner type zig-zag incision, we found that by the selection of medial or lateral subungual approach and elevation the volar skin flap, including neurovascular bundle, the surgeon would be able to excise soft tissue component of the tumor and expose the entire distal phalanx more easily.
The result of the present study indicates that the bony lytic lesions of distal phalanxes of the hand are most commonly benign and are due to enchondroma. Although malignant bony tumors of the hand are rare, this study shows that Ewing sarcoma or squamous cell carcinoma can also present themselves as lytic lesions in distal phalanx (Table 1) .
Interesting aspect of the present study is the diversity of the final diagnoses of distal phalangeal lytic lesions. Most of the lesions were benign and enchondroma was the most common type. On the other hand, very rare tumors in the hand such as Ewing sarcoma represented themselves as a lytic lesion in the distal phalanx. Given the diversity of final diagnoses, the study indicates that any lytic lesion in distal phalanx of the hand, especially in its distal part, should undergo complete tumor work-up.
